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Abstract 
The effect of grain size on structural, magnetic and transport properties in 
electron-doped manganites La0.9Te0.1MnO3 has been investigated. All samples show a 
rhombohedral structure with the space group CR
−
3  at room temperature. It shows that 
the Mn-O-Mn bond angle decreases and the Mn-O bond length increases with the 
increase of grain size. All samples undergo paramagnetic (PM)-ferromagnetic (FM) 
phase transition and an interesting phenomenon that both magnetization and the Curie 
temperature CT  decrease with increasing grain size is observed, which is suggested 
to mainly originate from the increase of the Mn-O bond length OMnd − . Additionally, 
ρ  obviously increases with decreasing grain size due to the increase of both the 
height and width of tunneling barriers with decreasing the grain size. The results 
indicate that both the intrinsic colossal magnetoresistance (CMR) and the extrinsic the 
extrinsic interfacial magnetoresistance (IMR) can be effectively tuned in 
La0.9Te0.1MnO3 by changing grain size. 
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Mixed-valent manganites perovskites have attracted considerable attention in recent 
years because of the observation of CMR and more generally due to the unusually 
strong coupling between their lattice, spin, and charge degrees of freedom. Although 
the focus of interest has primarily rested with the hole-doped manganites 
Ln1-xAxMnO3 (Ln = La-Tb, and A = Ca, Sr, Ba, Pb, etc.) due to their potential 
applications such as magnetic reading heads, field sensors and memories [1], naturally 
many researches have placed emphasis on electron-doped compounds such as 
La1-xCexMnO3 [2-5], La1-xZrxMnO3 [6], La2.3-xYxCa0.7Mn2O7 [7], and La1-xTexMnO3 
[8-10] due to the potential applications in spintronics. These investigations also 
suggest that the CMR behavior probably occur in the mixed-valent state of 
Mn2+/Mn3+. The basic physics in terms of Hund's rule coupling between ge electrons 
and gt2 core electrons and Jahn-Teller (JT) effect due to Mn
3+ JT ions can operate in 
the electron-doped manganites as well. 
   From the viewpoint of future applications, the manganites with smaller grain size 
will be required. For this class of materials, lower sintered temperatures (Ts) will be 
necessary as the grain size increases with Ts. The effect of grain size on structural, 
magnetic and transport properties in hole-doped manganites has been extensively 
investigated [11-17]. All these researches indeed suggest that the magnetic properties 
are markedly affected by grain size. So it is of vital interest to investigate the effect of 
the grain size on the magnetoresistance and related transport properties because of the 
electrical transport properties of the manganites are closely linked to their magnetic 
properties. However, many controversial results have been reported concerning the 
influence of grain size on the magnetic properties of polycrystalline manganites. 
Sánchez et al. studied the effect of grain size in La0.67Ca0.33MnO3 and found that both 
magnetization and the Curie temperature ( CT ) decreased with decreasing grain size 
[11]. Hueso et al. also observed the similar rule and they proposed that it was mainly 
attributed to the presence of a nonmagnetic surface layer created by noncrystalline 
material that was important as the particle size decreases [12]. Zhang et al. 
investigated a structure-dependent change of magnetization in the manganite oxide 
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La0.85Sr0.15MnOz and found that the contrary statements, i.e., both magnetization and 
CT  decreases with increasing grain size [13]. They supposed that the contradiction 
could originate from the different doping level because the structure or magnetism 
was sensitive to the doping level as presented in [18]. To understand the essence of 
this issue, in this article, we will report our investigation of the effect of grain size on 
structural, magnetic and electrical transport property in the electron-doped manganites 
La0.9Te0.1MnO3. We claim that our material is an electron-doped manganite based on 
simple valence arguments. In fact, X-ray photoemission spectroscopy (XPS) 
measurement revealed that the Te ions were in the tetravalent state and the manganese 
ions could be considered as in a mixture state of Mn2+ and Mn3+ for the compound 
La1-xTexMnO3 [8-10]. 
Nanometer samples of La0.9Te0.1MnO3 were prepared by a citrate gel technique 
[19]. Stoichiometric amounts of high-purity La2O3, TeO2, and Mn metal powders 
were dissolved in diluted nitric acid in which an excess of citric acid and ethylene 
glycol was added to make a metal complex. After all the reactants had completely 
dissolved, the solution was mixed and heated on a hot plate resulting in the formation 
of a gel. The gel was dried at 250 °C, and then preheated to 600 °C to remove the 
remaining organic and to decompose the nitrates of the gel. The resulting powder was 
pressed into pellets, each of which was sintered at a different temperature (Ts = 800 
°C, 900 °C and 1000 °C) in air. In order to obtain a polycrystalline reference pattern, 
ceramic samples of La0.9Te0.1MnO3 were prepared by the conventional solid-state 
reaction method in air. Appropriate proportions of high-purity La2O3, TeO2, and 
MnO2 powders were thoroughly mixed according to the desired stoichiometry, and 
then calcined at 700 °C for 24 h. The powders obtained were ground, pelletized, and 
sintered at 1050 °C for 96 h with three intermediate grindings, and finally, the furnace 
was cooled down to room temperature. For the sake of description, the samples are 
labeled by sample A, B, C and D corresponding to their sintering temperature, i.e., 
800 °C, 900 °C, 1000 °C and 1050 °C, respectively.  
The crystal structures were examined by x-ray diffractometer using Cu 
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αK radiation at room temperature. The magnetic measurements were carried out with 
a Quantum Design superconducting quantum interference device (SQUID) MPMS 
system (2 ≤T≤400 K, 0 ≤ H ≤5 T). Both zero-field-cooling (ZFC) and field-cooling 
(FC) data were recorded. The resistance was measured by the standard four-probe 
method from 25 to 300 K. 
Fig.1 shows the x-ray diffraction (XRD) pattern of La0.9Te0.1MnO3 samples of (A) 
800 °C, (B) 900 °C, (C) 1000 °C-sintered by a citrate-gel technique and (D) obtained 
through the conventional solid-state reaction method. The powder x-ray diffraction at 
room temperature shows that all samples are single phase with no detectable 
secondary phases and the samples have a rhombohedral structure with the space 
group CR
−
3 . The average grain size hklD  is estimated through the classical Scherrer 
formula [20] θBλkDhkl cos= , where hklD  is the grain size derived from the (0 2 4) 
peak of the XRD profiles, k  is a constant (shape factor ~ 0.9), θ  is the angle of the 
diffraction, B  is the difference of the full width at half-maximum (FWHM) of the 
peak between the sample and the standard SiO2 used to calibrate the intrinsic width 
associated to the instruments, and λ  is the wavelength of X-ray. The grain size 
obtained from the Scherrer formula is thus estimated as 40 nm, 53 nm, 82 nm, and 
120 nm for samples A, B, C, and D, respectively. As it can be clearly seen from the 
inset of Fig.1, the grain size increases with increasing Ts and the diffraction peak (0 2 
4) shifts towards the lower angle from sample A to D, which is consistent with many 
results reported elsewhere [11,16]. The structural parameters of the samples are 
refined by the standard Rietveld technique [21] and the fitting between the 
experimental spectra and the calculated values is quite well based on the consideration 
of lower RP values as shown in Table 1. It shows that the lattice parameters of 
La0.9Te0.1MnO3 samples vary monotonously with increasing the sintered temperature 
Ts. The Mn-O-Mn bond angle decreases and the Mn-O bond length increases with the 
increase of the particle size. 
Fig.2 shows the temperature dependence of magnetization M of La0.9Te0.1MnO3 
under both zero-field-cooled (ZFC) and field-cooled (FC) modes at H = 0.1 T for all 
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samples. The Curie temperature CT  (defined as the one corresponding to the peak of 
dTdM  in the M vs. T curve) is 268, 253, 240 and 239K for samples A, B, C and D, 
respectively. Obviously, the Curie temperature decreases with the increase of Ts from 
sample A to C. CT  of sample D is almost same as that of sample C. It demonstrates 
that there may exist a critical value of the grain size. Below this critical value, the 
Curie temperature of the sample may be affected strongly by the grain size. Whereas 
beyond this critical value, the grain size does not almost affects CT . Here, for the 
studied sample La0.9Te0.1MnO3, the critical value of the grain size may be about 80 
nm. We suggest that the CT  reduction should be attributed to the weakening of 
double exchange (DE) interaction because of the decrease of the bandwidth and the 
mobility of ge electrons due to the increase of Mn-O bond length and the decrease of 
Mn-O-Mn bond angle. Additionally, it is surprising that the magnetization M 
decreases at low temperatures with the increase of grain size, which is exact contrary 
to those obtained by Sánchez et al. [11], in which both magnetization and CT  
increase with increasing grain size of La0.67Ca0.33MnO3. 
The magnetization as a function of the applied magnetic field at 5 K is shown in 
Fig.3. It shows that, for all samples, the magnetization reaches saturation at about 1T 
and keeps constant up to 5T, which was considered as a result of the rotation of the 
magnetic domain under the action of applied magnetic field. Additionally, similar to 
the result shown in Fig.2, the magnetization M decreases at low temperatures with 
increase grain size. According to DE theory, the magnetization M is given by [22] 
24 SJxbM ∝ , where b is the transfer integral between neighboring Mn ions, S the 
ionic spin, J the intra-atomic exchange integral, and x the doping level of the 
compound. In the present case, two possible factors influencing M are x and b. The 
oxygen content of the samples was determined by a redox (oxidation reduction) 
titration. The detailed method to determine the oxygen content of samples will be 
reported in elsewhere [23]. Only slightly surplus oxygen has been observed for our 
 6 
samples and the oxygen content almost stabilize around 3.01. So the factor of the 
doping level can be excluded. In addition, the change of lattice parameters, especially 
the increase of Mn-O bond length ( OMnd − ) with grain size, needs to be taken into 
account. The increase of OMnd −  is to decrease the overlap between the neighboring 
orbits of Mn ions and the adjacent O ions, thereby reducing the exchange integral b, 
which described electron hopping between Mn sites. Evidently, the magnetization 
decreases with the increase of grain size can be attributed to the increase of the Mn-O 
bond length OMnd − . 
Fig.4 shows the T−ρ  curves at zero field and under an applied field H = 0.5T, 
together with the corresponding MR-T curves for the samples sintered at different 
temperatures, where magnetoresistance (MR) is defined as 
( ) %100][ 000 ×−=∆ ρρρρρ H . For sample A, it shows that there exists an 
insulator-metal (I-M) transition at 2PT  (= 222K) which is well below its Curie 
temperature CT (= 268K). For sample B, it shows that there exists an I-M transition at 
1PT (= 252 K) which is close to its Curie temperature CT (= 253K). In addition, there 
exists a noticeable bump at 2PT (= 224 K) below 1PT . The value of 1PT  and 2PT  are 
listed in Table 2. For samples C and D, I-M transition occurs at almost the same 
temperature 1PT  (245K and 246K, respectively). In addition, there exists a shoulder 
at 2PT  (221K, and 223K for sample C, and D, respectively). Compared with sample 
A, I-M transition at 1PT  becomes more obvious and I-M transition at 2PT  becomes 
weaker. It shows that the height of the resistivity peak at 2PT  decrease with 
increasing grain size, which is tightly related to grain boundaries (GBs). Here, GBs 
can act as tunneling barriers for spin-dependent transport. This variation behavior of 
double ρ peaks is presumably related to the increase of both the height and width of 
tunneling barriers with decreasing the grain size [24]. Therefore, the height of the 
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resistivity peak at 2PT  increases from sample D to B and finally exhibits only one 
resistivity peak in the T−ρ  curve for sample A. Different from the origin of the I-M 
transition at 1PT , the resistivity peak at 2PT  is believed to reflect the spin-dependent 
interfacial tunneling due to the difference in magnetic order between surface and core 
[14]. Moreover, Fig.4 manifests that resistivity of sample A increases about one order 
of magnitude compared to that of samples B, C, and D. Although the resistivity order 
of magnitude is the same for samples B, C, and D, ρ  decreases slightly with 
increasing grain size. We consider that the increase of ρ  with the reduction of grain 
size is mainly related to the increase of both the height and width of tunneling barriers 
with decreasing the grain size. The experimental data measured at applied field of 0.5 
T for all samples in the temperature range of 30-300K are also recorded. For samples 
B, C, and D, it can be seen from the T−ρ  curves in Fig.4 that the applied field 
suppressed the resistivity peak at 1PT  significantly and the resistivity peak shifts 
towards higher temperatures. This suggests that the external magnetic field facilitates 
the hopping of ge between the neighboring Mn ions, which agrees with the DE model. 
However, for the second I-M transition at 2PT , it is worth noting that for all samples, 
the position of the resistivity peak at 2PT  almost does not change under the applied 
magnetic field. The difference in the response of the resistivity peak at 1PT  and 2PT  
for the applied field in samples B, C, and D indicates again that they may have 
different origins. It can also be seen from the temperature dependence of MR for 
different samples shown in Fig.4. Evidently, for sample A, it shows that MR effect 
below CT  increases with decreasing temperature, which is a key feature of the 
extrinsic IMR. For samples B, C, and D, both the intrinsic CMR effect showing 
corresponding peak in the vicinity of 1PT  and the extrinsic IMR below CT  can be 
simultaneously observed, which is just corresponding to the intrinsic transport 
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properties and spin-dependent tunneling transport, as can be seen clearly from the 
double-peak-type T−ρ  curves in Figs.4 (b), 4(c) and 4(d). Additionally, for sample 
A, the extrinsic IMR becomes so important that the intrinsic counterpart influence is 
negligible and the MR ratio around 30K is obtained as high as 33%. For samples B, C, 
and D, as it can be seen clearly from Fig.4, the intrinsic CMR effect becomes more 
prominent with increasing grain size, e.g., the MR value of 7%, 18%, and 23% around 
1PT  for samples B, C, and D, respectively. Whereas the extrinsic IMR effect at low 
temperatures becomes smaller with increasing grain size, e.g., the MR value of 26%, 
20%, and 14% around 30K for samples B, C, and D, respectively. Evidently, the MR 
effect can be effectively tuned in La0.9Te0.1MnO3 by changing grain size. 
  In summary, we have studied the structural, magnetic and transport properties of 
La0.9Te0.1MnO3 with different grain sizes. The results show that the Mn-O-Mn bond 
angle decreases and the Mn-O bond length increases with the increase of grain size. 
The magnetic measurement exhibits that both magnetization and the Curie 
temperature CT  decrease with increasing grain size is observed, which is mainly 
proposed to be related to the increase of the Mn-O bond length OMnd − . For sample A 
with grain size of 40 nm, only the extrinsic IMR below CT  is observed. The results 
reveal that both the intrinsic CMR and extrinsic IMR can be effectively tuned in 
La0.9Te0.1MnO3 by changing grain size. 
 
ACKNOWLEDGMENTS 
This work was supported by the National Key Research under contract 
No.001CB610604, and the National Nature Science Foundation of China under 
contract No.10174085, Anhui Province NSF Grant No.03046201 and the 
Fundamental Bureau of Chinese Academy of Sciences. 
 
 
 
 
 9 
References 
[1] R. von Helmolt, J. Wecker, B. Holzapfel, L. Schultz, K. Samwer, Phys. Rev. Lett. 
71 (1993) 2331; A. P. Ramirez, J. Phys.:Condens. Matter 9 (1997) 8171; J. M. D. 
Coey, M. Viret, S. von Molnar Adv. Phys. 48 (1999) 167; M. B. Salamon, M. Jaime  
Rev. Mod. Phys. 73 (2001) 583. 
[2] P. Mandal, S. Das, Phys. Rev. B 56 (1997) 15073.  
[3] J. R. Gebhardt, S. Roy, N. Ali, J. Appl. Phys. 85 (1999) 5390.  
[4] P. Raychaudhuri, S. Mukherjee, A. K. Nigam, J. John, U. D. Vaisnav, R. Pinto, P. 
Mandal, J. Appl. Phys. 86 (1999) 5718.  
[5] J-S Kang, Y J Kim, B W Lee, C G Olson, B I MIN, J. Phys.: Condens. Matter 13 
(2001) 3779.  
[6] Sujoy Roy, Naushad Ali, J. Appl. Phys. 89 (2001) 7425. 
[7] P. Raychaudhuri, C. Mitra, A. Paramekanti, R. Pinto, A. K. Nigam, S. K. Dhar, J. 
Phys.: Condens. Matter 10 (1998) L191. 
[8] G. T. Tan, S. Y. Dai, P. Duan, Y. L. Zhou, H. B. Lu, Z. H. Chen, J. Appl. Phys. 93 
(2003) 5480. 
[9] G. T. Tan, P. Duan, S. Y. Dai, Y. L. Zhou, H. B. Lu, Z. H. Chen, J. Appl. Phys. 93  
(2003) 9920. 
[10] G. T. Tan, S. Dai, P. Duan, Y. L. Zhou, H. B. Lu, Z. H. Chen, Phys. Rev. B 68 
(2003) 014426. 
[11] R. D. Sánchez, J. Rivas, C. Vázquez- Vázquez, A. López-Quintela, M. T. Causa, 
M. Tovar, S. Oseroff, Appl. Phys. Lett. 68 (1996) 134. 
[12] L. E. Hueso, J. Rivas, F. Rivadulla, M. A. López-Quintela, J. Appl. Phys. 86 
(1999 ) 3881. 
[13] Ning Zhang, Weiping Ding, Wei Zhong, Wei Yang, Youwei Du, J. Phys.: 
Condens. Matter 9 (1997) 4281.  
[14] Ning Zhang, Weiping Ding, Wei Zhong, Dingyu Xing, Youwei Du, Phys. Rev. B 
56 (1997) 8138. 
[15] R. Mahesh, R. Mahendiran, A. K. Raychaudhuri, C. N. R. Rao, Appl. Phys. Lett. 
 10 
68 (1996) 2291. 
[16] Kaiyou Wang, Wenhai Song, Ting Yu, Bing Zhao, Minghua Pu, Yuping Sun, 
Phys. Stat. Sol. (a) 171 (1999) 577. 
[17] S. L. Yuan, L. J. Zhang, Z. C. Xia, L. F. Zhao, L. Liu, W, Chen, G. H. Zhang, W. 
Feng, J. Tang, H. Cao, Q. H. Zhong, L. Y. Niu, S. Liu, Phys. Rev. B 68 (2003) 
172408. 
[18] A. Urushibara, Y. Moritomo, T. Arima, A. Asamitsu, G. Kido,Y. Tokura, Phys. 
Rev. B 51 (1995) 14103. 
[19] M. Verelst, N. Rangavittal, C. N. Rao, A. Rousset, J. Solid State Chem. 104  
(1993) 74; I. G. Deac, S. V. Diaz, B. G. Kim, S.-W. Cheong, P. Schiffer, Phys. 
Rev. B 65 (2002) 174426.  
[20] M. I. Mendelson, J. Am. Ceram. Soc. 52 (1969) 443.  
[21] D. B. Wiles, R. A. Young, J. Appl. Crystallogr. 14, (1981) 149.  
[22] P. W. Anderson, H. Hasegawa, Phys. Rev. 100 (1955) 675. 
[23] J. Yang, Y. P. Sun et al., unpublished. 
[24] R. Gross, L. Alff, B. Büchner, B. H. Freitag, C. Höfener et al., J. Magn. Magn. 
Mater. 211 (2000) 150.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Refined structural parameters of La0.9Te0.1MnO3 at room temperature. 
The space group is CR3 . 
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Sample a (Å) c (Å) V (Å3) d Mn-O (Å) θ Mn-O-Mn (º) Rp (%) 
A 5.5163 13.3482 351.9913 1.9586 164.71 9.81 
B 5.5214 13.3531 352.4064 1.9602 164.37 7.66 
C 5.5223 13.3561 353.0042 1.9637 163.85 8.72 
D 5.5241 13.3572 353.0103 1.9644 163.83 8.03 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure captions 
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Fig.1. X-ray diffraction (XRD) pattern of La0.9Te0.1MnO3 samples of (A) 800 °C, (B) 
900 °C, (C) 1000 °C-sintered by a citrate-gel technique and (D) the bulk 
polycrystalline obtained through the conventional solid-state reaction method. 
The inset shows the width of the diffraction peak (0 2 4) for different sintering 
temperatures Ts. 
 
Fig.2 Magnetization as a function of temperature M (T) for samples A, B, C, and D 
under the field-cooled (FC) and zero-field-cooled (ZFC) modes denoted as the 
filled and open symbols, respectively. 
 
Fig.3. Field dependence of the magnetization M(H) for samples A, B, C and D at 5 K. 
 
Fig.4. (a), (b), and (c) Temperature dependence of resistivity ρ(T) at zero field (solid 
lines) and under an applied field of 0.5T (dashed lines), and the corresponding 
temperature dependence of MR for samples A, B, and C, respectively; (d) the 
experimental data of ρ vs T and MR vs T for sample D. 
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